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Abstract 

Rice (Oryza spp.) is one of the most important crops that significantly contribute to food security in Benin. In the 
current context of climate change, drought is known to be the main abiotic stress in crops and a major 
yield-limiting factor for agricultural production worldwide. To assess farmers’ knowledge, the preference traits 
of the rice cultivars in use, their perceptions and management of drought stress in rice production in Benin, an 
ethnobotanical investigation was conducted in 50 villages throughout the major zones. The results showed that 
High yield combined with good grain quality (including good taste, softness after cooking, less starch, white 
pericarp, long grain length and swelling when cooked), medium maturing and tolerance to drought and flood 
were the most desired traits motivating farmers for growing rice cultivars. Taste and high yield were the 
paramount traits of IR841, the most popular rice variety currently cropped in Benin followed by its fragrance. 
Drought constraints was reported as the most damaging abiotic stress across the villages surveyed with field lost 
estimated up to 100% at the flowering stage. Changing sowing date (80%), the use of irrigation systems (10%) 
and the cropping of early maturing cultivars (7%) were the most traditional strategies to reduce drought impacts. 
Needs for tolerant varieties were clearly expressed by farmers to mitigate drought effects on rice production in 
Benin. The results of this survey emphasize the need for rice breeders to focus more on improving grain quality 
in addition to high yield potential and tolerance to abiotic stresses mainly drought. 

Keywords: Benin, drought constraints, farmers’ perceptions, preferences, rice cropping 

1. Introduction 

Agriculture is considered as an economic sector in the world. It contributes to 24% of global Gross Domestic 
Product and provides employment to 1.3 billion people or 22% of the world’s population (Smith et al., 2007). 
Increasing agricultural production in the developing countries, has been one of the most important priorities for 
agricultural development programs (Hosseini et al., 2010; Subedi et al., 2009). Benin, like other developing 
countries, depends on its agriculture sector to fulfill demand for more food especially rice. Agriculture is 
likewise the most important economic sector in West-Africa which is highly dependent on climate. 
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Rice is one of the primary food source for more than half of the world’s population (Roy et al., 2016). It 
represents an important place in human nutrition, providing 20% of the calories and 15% of proteins consumed 
by world’s population (Sajid et al., 2015). The global paddy rice production has increased from 743.2 million 
tons from the years 2013-2015 to 759.6 million tons (equivalent of 503.9 million tons milled basis) in 2017 with 
forecast of 769.9 million tons in 2018. However, the production in Africa has increased from 29.2 million tons 
(2013-2015) to 32.1 million tons in 2017 with forecast of 33.3 million tons in 2018. In the same period, West 
Africa has recorded the increasing of its production from 14.9 million tons to 18.0 million tons (11.4 million tons 
milled basis) in 2017 (FAO, 2018). Notwithstanding this report, most African countries are not self-sufficient in 
term of rice production, and so depend on huge amounts of imported rice that is estimated at 17.0 million tons in 
2017 (FAO, 2018) making therefore Africa the largest rice importing region in the world.  

Indeed, rice production in West-Africa including Benin encounters several problems such as drought, diseases, 
low yielding varieties, lack of knowledge on good agronomic practices by farmers, the unavailability of suitable 
and improved rice varieties for diverse environments and the low quality of locally processed rice (Adolph & 
Chancellor, 2006; Chuwa & Mabagala, 2013). Among them, the escalation of drought condition caused by the 
climate change and the low competitiveness of rice locally produced in Benin compared to imported rice are 
more critical and need therefore to be taken into account for the national breeding programs. 

Rainfall is the ultimate source of water, affecting crop production by directly influencing ground water irrigation 
as well as soil-moisture status and supporting surface. It has been reported that during the last one decade, the 
monsoon rains are very much deviating from its predictions and the region which never experiences sharp 
drought comes under such natural disaster (Roy & Hirway, 2007). Various Asian countries likewise saw cropping 
activities disrupted by floods or drought during their main-crop cycles (FAO, 2018). It results in economic, 
social and environmental impacts that are complex to understand and difficult to anticipate. Statistics compiled 
by the Secretariat for the International Decade for Natural Disaster Reduction indicated that among all the 
natural hazards, drought ranks first in terms of the number of people directly affected. It accounts for 22% of the 
damage from all disasters worldwide, 33% of the number of persons affected by disasters, and 3% of the number 
of deaths attributed to natural disasters (Hewitt, 1997; Wilhite, 2000). 

Actually, drought is a creeping phenomenon, hard to define and understand due to differences in socio-economic 
factors and hydro-meteorological variables along with the stochastic nature of water demand in various areas of 
the world. Although explicit definitions of drought may fluctuate by sector and region, it is basically an extended 
time period in which precipitation is less than the annual average, resulting in water scarcity (Wilhite, 2000). 
Insufficient rainfall leads to greater drought frequency and intensity, while high evaporation increases the chance 
of complete crop failure (Liu et al., 2010; Reid et al., 2007). The climate forecast for West-Africa predicts 
increasing temperatures and irregular rainfall (Callo-Concha, 2018). In other words, drought is now the most 
complex of all-natural hazards, and more people are affected by it than any other hazard. 

In Benin, milled rice production has increased up to 179,000 tons in the year 2018/2019 while its consumption 
during the same period was reported to 799,000 tons. This fact consequently, increase considerably rice 
importation that is estimated today at 620,000 tons per year and represent huge amount dollars’ deficit to local 
economy (USDA, 2019). To reduce the rice import, the government has tried to increase local rice production. 
Providing fertilizer and high yielding improved varieties at low cost to farmers through an international and 
national research centers are amongst the measures taken to boost rice production in Benin. Although these 
measures have contributed to increase substantially rice production in the country (MAEP, 2011), the production 
gap remains very high creating important economic deficit and food security dependence. Besides, as in most 
SSA countries, imported improved varieties have been poorly adopted as they do not meet farmer’s requirements 
for both cropping and consumption, and therefore, most farmers still prefer growing landraces or old varieties 
(Derera et al., 2006; Efisue et al., 2008; Kam et al., 2013; Manu-Aduening et al., 2006; Witcombe et al., 1996). 
Developing locally new high yielding varieties that better fit traditional agricultural conditions and meet farmers 
and consumers’ preferences is mandatory for sustainable rice production in Benin. 

Participatory research approaches (PRA) in breeding have been proposed as a way to increase farmer adoption of 
new varieties (Ceccarelli & Grando, 2009; Joshi et al., 2001; Efisue et al., 2008; Kiros-Meles & Abang, 2008). 
The idea is to generate information about target population’s knowledge and opinions about their production 
system and to use the information to design and manage future breeding project. Besides, it has been proven that 
participatory plant breeding (PPB) that involves farmers in selecting genotypes for use as parents is more 
effective for wide adoption of improved varieties than the participatory variety selection (PVS) that provides 
merely polished breeding products to farmers for final evaluation in their farms (Atlin et al., 2001; Witcombe et 
al., 2003). A successful participatory varietal selection program relies on four phases (Witcombe et al., 1996): a 
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In order to study farmers’ perceptions on drought and its local management in rice farming, 236 farmers 
including 145 men and 91 women from the different agro-ecological regions were surveyed from April to May 
2018. Agriculture is the major land use in the study area. The data were collected through focus group 
discussions, individual interviews using questionnaires and transect walks on field visits following the 
methodology described by Adoukonou-Sagbadja et al. (2006) and successfully applied on rice in Ghana, Mali, 
Burkina Faso and Niger respectively by Asante et al. (2013), Efisue et al. (2008), Kam et al. (2013), and Sow et 
al. (2015). The questionnaire written was administrated in the most spoken local language in each community 
group involved in the survey for better understanding. Therefore, specialized translators fluent in both French 
and mother tongue from each area were considered. Prior to the survey, this questionnaire was pre-tested with 
sub-sets of the targeted population (i.e., few farmers from two villages) to check the missing information, 
redundancy, and relevancy of the questions. The questionnaire was then adjusted based on pre-test results and 
recommendations.  

To conduct the survey, the agricultural extension units of each relevant region were prior contacted. A meeting 
was scheduled with farmers mainly through the head of farmer’s local union or the local authorities. Group 
discussions were first organized with farmers to obtain community level information on their rice farming 
practices and constraint perceptions with emphasis to drought through questionnaire and pictures. After the 
group discussion, about 10 farmers were randomly selected for an individual interview. This survey enabled 
targeted farmers to express their own point of view without any influence from the community. It first focused 
on the socio-economic characteristics of the producers. Later, open and structured questions were asked to 
respondents on their cropping management, rice traits and rice cultivars they preferred and their perception and 
management of constraints with an emphasis on drought constraints. Several techniques such as iteration, 
probing, direct observations and pair wise ranking were used (Adoukonou-Sagbadja et al., 2006). In iteration, the 
same question was asked more than once in different ways in order to confirm the answer. This technique is 
recommended in the situation where most of the people in the community are illiterate (Efisue et al., 2008). 
Pictures were shown to the groups in order to easily identify drought stress between other threats occurring in 
their fields.  

2.2 Data Analysis 

The primary data were processed and statistically analyzed using R 3.5.1 Software Package. Descriptive 
statistics were employed to assess farmer’s perceptions and management strategies. Frequencies and percentage 
of responses were computed using Excel spreadsheet. Graphs were drawn to illustrate the outputs. A Factorial 
Correspondence Analysis (FCA) was performed to describe the relationships between the cropping seasons, 
agro-systems, rice varieties and the regions. The Khi squared Pearson correlation test conducted to assess its 
significance. 

3. Results  

3.1 Characteristics of Surveyed Rice Producers 

In the study area, men and women are both involved in rice farming. Men were more represented (61%) than 
women (39%). The result indicated that only 10% of farmers were younger than 30 years old, 85% of them were 
within the age range of 30-60 and respondents’ average age was 44 years old. Most of them (94.5%) were 
married and the overall household size averaged of 8±3.75 with the minimum of one person and the maximum of 
35 persons. Respondents with no education had the highest prevalence in the sample (50%) while 9% were 
alphabetized. Data on education likewise indicated that 29%, 11% and 1% of respondents had completed their 
primary, secondary and higher education, respectively. The majority of the interviewees had been cropping rice 
for 15±6.64 years in average with a minimum of one year and a maximum of 40 years. Rice farming was the 
main activity for 77% and full-time occupation for 10% of farmers involved in the survey while 13% considered 
it as secondary occupation. Fourteen different ethnic groups were recorded. The Nago ethnic group is the most 
represented (30% of respondents) followed by Mahi (17%), Batonou (9%), Dendi (7%), Wémé (7%), Biali (6%), 
Adja (4%) Ditammaribè (4%), Fon (4%), Bariba (3%), Lokpa (3%), Wama (3%), Zerma (2%) and Cotafon (1%) 
ethnic groups (Figure 2). 
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Figure 6. Agricultural practices in rice farming in Benin (A) Sowing modes, (B) Weeding practices, (C) Weeding 
frequency and (D) Persons in charge of weeding 

 

3.3 Seed System and Management of Rice Produced by Farmers in Benin 

Rice planting seeds used by farmers to ensure their cropping were mainly certified seeds (87%) purchased most 
of the time (82%) from the national agricultural extension offices known as Territorial Agencies of Agricultural 
Development (ATDA, ex CARDER). Less farmers (10%) used seeds from their previous harvest to ensure the 
current crop campaign while 3% borrowed seeds from neighbors within village. Besides the ATDA source, seeds 
were likewise bought in low frequencies (9%, 7% and 3%) from ESOP (Farmer Enterprise and Service 
Organization), VECO (an active Non-Governmental Organization) and seeds producers, respectively. 

Rice produced by farmers were self-consumed and sold on the local markets by most of farmers. However, some 
of them sold their production as well at the neighboring district markets (23%), to the regional Rice Farmers’ 
Union of Zou-Collines departments (UNIRIZ-C) (17%) and NGOs like ESOP (7%). Exporting the rice produced 
by farmers to neighboring countries mainly Togo (11%) and Nigeria (7%) was likewise reported during the 
survey (Figure 7). 
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Table 1. Rice cultivars diversity in farming system in Benin: a) present and (b) past cropping status 

Rice cultivars actually in use Rice Cultivars cropped in the past 

Cultivars’ name Citation frequency (%) Cultivars’ name Citation frequency (%) 

IR841 55.3 Nerica20* 20 

Gambiaka* 7.3 Gambiaka* 19 

Nerica20* 4.4 Nerica4* 15 

Waabi 2.7 Béris21* 13 

Imonpia 2.7 Tox rond 6 

Fondiézé 2.4 Nerica6 4 

Shapshap 2.4 WAB32-80 3 

Gbemga 2.4 Nerica14* 3 

R16 2.4 R8* 2 

Nerica4* 2.2 BL19 2 

Samassagoumi 2.2 Bobo oura 1 

Pika 1.6 Imonda 1 

Wita4 1.6 Djimbo* 1 

R8* 1.6 Gountou 1 

Parakou kouro bouro 1.6 Lombilombi 1 

Riz togolais 1.6 RAM 1 

Béris21* 1.1 Mongni tchétiégué 1 

Nerica14* 1.1 De Gaulle court 1 

ADNY11* 0.8 De Gaulle long 1 

Djimbo* 0.8 ADNY11* 1 

Riz parfumé 0.6 Bogaboga 1 

Briz10B 0.6 Danzaria 1 

Sirirou caborou 0.6 Mongni papahoun 1 

Note. * Cultivars practiced in the past but still cropped by few farmers. 

 

In the study area, rice cultivars preferred by farmers varied from one region to another. A χ² test performed on the 
data revealed significant differences (P = 2.2 e-16) in farmers’ preferences for rice cultivars and the growing 
region (χ² = 653.02; P = 2.2 e-16). The Factorial Correspondence Analysis performed to infer the relationships 
between rice cultivars and growing regions, indicated that the first two axes explained 74% of the total variation 
observed within the collection. The farmers of the region of Borgou cultivated mainly rice cultivars Wita4, R8 
and Sirirou caborou while those of the region of Alibori mainly cropped Fondiézé, Shapshap, Gbemga, Parakou 
kouro bouro, Djimbo, Samassagoumi, Pika and ADNY11. Farmers of the remaining seven other regions 
(Atacora, Collines, Couffo, Donga, Mono, Ouémé and Zou) mostly cultivated cultivars such as Béris21, Briz10B, 
Imonpia, IR841, Nerica14, R16, Riz-parfumé, Riz-togolais and Waabi. From all surveyed regions, Gambiaka, 
Nerica4 and Nerica20 were the three other varieties cropped by all farmers (Figure 8). At individual farmer level, 
the majority of farmers (69%) still cultivated only one rice cultivar per season, while 12.7% of the farmers grew 
two, 8.5% grew three and 9.8% of them grew up to four rice cultivars per season. Apparently, the IR841 was 
most adopted rice cultivar by farmers because of its good traits and its pleasant aroma. 
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To sum up, rice traits preferred by farmers in the study area can be summarized as high yield combined with 
good grain quality (including good taste, softness after cooking, less starch, white pericarp, long grain length and 
swelling when cooked), fragrance, early or medium maturing cycle, medium plant height and tolerance to 
drought and flood. 

3.6 Rice Production Constraints in Benin 

The Table 3 summarizes the diverse constraints in rice farming in Benin. In total, ten different constraints 
unanimously recognized by farmers to threaten rice farming were reported in the study area. Bird attacks and 
weeds were equally cited by all farmers (100%) and globally ranked first as major constraints. However, they 
were not perceived as the most damaging since the mitigating measures were found and applied. Globally ranked 
third (85%), drought stress was perceived as the most important and most damaging constraints affecting rice 
production in farmers’ fields. 

 

Table 3. Rice farming constraints frequencies per district and their ranking  

Districts Nematodes Insect_pests Blast disease Flood Drought Weeds Rodents Birds Sheep Beefs

Bantè 0 100 60 0 100 100 100 100 0 0 

Boukombé 0 50 0 0 100 100 100 100 50 50 

Cobly 50 0 0 0 100 100 50 100 100 100 

Covè 0 100 0 50 50 100 0 100 0 0 

Dangbo 0 100 0 50 50 100 50 100 0 0 

Dassa-zoumè 100 0 0 0 100 100 33 100 0 67 

Dogbo 0 100 0 0 100 100 0 100 0 100 

Glazoué 57 43 0 15 100 100 0 100 14 14 

Gogounou 0 0 0 0 100 100 50 100 0 50 

Kouandé 0 0 0 70 30 100 100 100 50 50 

Lokossa 0 100 0 0 100 100 100 100 0 100 

Malanville 0 100 0 20 100 100 100 100 60 60 

Matéri 0 0 0 0 100 100 0 100 100 100 

Nikki 0 100 0 0 100 100 100 100 50 100 

Ouaké 50 50 0 0 100 100 50 100 100 100 

Ouèssé 0 100 0 0 100 100 0 100 0 0 

Savalou 50 50 0 0 100 100 0 100 100 100 

Savè 67 33 100 0 100 100 33 100 67 100 

Zagnanado 0 100 0 100 0 100 0 100 0 0 

Mean (%) 20 59 8 15 85 100 46 100 36  57 

Ranking 8 4 10 9 3 1 6 1 7 5 

 

In contrast to the majority of districts surveyed, the whole rice farming system was affected by flooding (15%) in 
Zagnanado district and constituted an important producing constraints in this district. In some other districts like 
Covè, Dangbo, Malanville and Kouandé, both constraints were observed affecting rice fields: for one side 
(uplands), drought was the main constraint while in the other side (lowlands), flooding was the most important 
constraint. In term of importance, drought stress was followed by insect-pest which globally was reported by 
59% of respondents living in 14 of the 19 districts surveyed. Apart from the district of Zagnanado, rice 
production in the 13 remaining districts was constrained by both insect-pest and drought. Animal damages such 
as beefs (57%) and sheep (36%) were reported in more than 10 districts. Rodent’s damage (46%) caused by wild 
mice and rats was likewise reported by farmers. Nematodes, flood and blast disease were respectively the last 
three constraints in rice cropping in Benin (Table 3).  

3.7 Farmers’ Perception on Drought Constraints and Its Management 

The ranking of the major constraints in the farmers’ fields across the districts surveyed revealed that drought is 
currently perceived as the most serious and damaging stress affecting rice farming in Benin. The respondents 
recognized drought effects in their fields mainly through its common visual symptoms on the plant such as leaf 
yellowing, rolling and burning, plant height, tillering and grain filling capacity reduction. For the majority of 
farmers, droughts were perceived as a natural phenomenon of unknown causes (75% of respondents) while the 
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minority of them perceived it as a phenomenon caused by climate change (22%) or by the lack of rivers (3% of 
respondents). 

Out of the 236 farmers interviewed, drought constraint was not relevant for 36 respondents representing only 15% 
of them. The remaining 85% of farmers were directly affected by drought effects characterized by various crop 
failures and yield losses observed in their fields after harvest. Drought occurred mainly at both seedling and 
flowering stages of the plant growth and the yield loss was variously appreciated by farmers. Indeed, farmers’ 
estimations of paddy yield lost in fields ranged from 25 to 100% at seedling stage with the vast majority of 
farmers (85% of respondents) indicating about 50% yield lost (Figure 9). At the flowering stage, yield lost 
estimations ranged from 50 to 100% with the majority of farmers (58% of respondents) supporting 100% paddy 
yield lost. In general, all the surveyed farmers agreed that yield loss is higher at the flowering stage than seedling 
stage. Several rice field damage events caused by drought were reported by farmers during the five years of 
2013-2017 with the most severe occurring at the 2015 production season. 

 

 
Figure 9. Yield loss rate estimated under drought effects 

 

Diverse mitigating strategies to reduce drought impact were applied by farmers. The first and most popular 
endogenous management strategy was the changing of the sowing date (80% of respondents) followed by the use 
of irrigation system (10%) and the use of early maturing cultivars (7%). Few farmers (2%) had moved to other 
fields or had temporarily abandon rice cropping (1%) for other crops (Figure 10).  

 

 

Figure 10. Traditional mitigating strategies for drought effects on rice production in Benin 
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No formal use of drought tolerant varieties was observed, except R16 and Briz10B introduced as improved 
drought tolerant rice varieties for testing in 2017 by Africa Rice center, but unfortunately did not completely 
match farmers’ preferences. The needs for tolerant varieties were clearly expressed by local farmers across 
villages to mitigate drought effects on rice production in Benin.  

4. Discussion 

4.1 Characteristics of Rice Producers Surveyed 

The survey shows that rice farming in Benin is the activity of both men and women. Although land cultivation is 
known as men activity, an important proportion (two/fifth) of women was recorded among rice farmers. This 
trend was already observed on fonio millet cropping in Togo (Adoukonou-Sagbadja et al., 2006) as well on rice 
farming in many African countries such as Ghana, Mali, Tanzania and Kenya (Asante et al., 2013; Efisue et al., 
2008; Hashim et al., 2018; Kimani et al., 2011) where women implications to farming activities were recorded 
up to 46%. However, rice farmers in Niger were in quasi-totality (98%) constituted of men (Sow et al., 2015) 
while rice farming was dominated by women in the Cascade region of Burkina Faso (Kam et al., 2013) and the 
coastal rainfed lowland region of Kenya (Musila et al., 2018). For any situation, women are known as the 
principal actors in post-harvest activities such as processing, parboiling and selling as it has well noted by 
Zossou et al. (2010). Besides, as in the most of African countries, rice farming is practiced in Benin by people 
holding very less or no education. Their average age was 44 years and they were in majority married. Some of 
women encountered were widow or divorced. The similar case was reported in Togo on fonio millet farming 
(Adoukonou-Sagbadja et al., 2006). In addition, farmers were organized in well active associations with many 
years-membership experiences. The majority of them had rice cropping as main occupation and was most 
experienced in rice farming. In contrast to the rice farming in Burkina-Faso (Kam et al., 2013), the land was 
mostly held by inheritance from fathers to sons and the knowledge of rice cultivation is therefore transmitted 
from fathers to sons. In opposite to Kenyan farmers (Kimani et al., 2011), rice land was little rented in Benin. 
Moreover, the majority of respondents were medium-scale farmers with one to three hectares’ land size. Finally, 
out of the fourteen different ethnic groups surveyed, the Nago and Mahi groups living mainly the region of 
Collines in the center of the country are more represented. This could be explained by the fact that the region of 
Zou-Collines comes top in term of lowlands’ potential for rice farming in Benin (MAEP, 2011). 

4.2 Agricultural practices in rice cultivation in Benin 

Agricultural productivity primarily relies on a good management of farming practices. As many West-African 
producers, Beninese rice farmers are polyvalent crop growers as they were involved in many other crops mainly 
maize, cassava, yam, soybean, groundnut, cowpea, cotton and pepper. In the whole survey areas, rice is grown as 
“cash income crops” like many other crops such as maize, cotton and pepper. This result contrasts the practice in 
Msambweni region of Kenya where only 8% of the respondents grew rice purely for cash income purpose 
(Musila et al., 2018). In general, rice is mostly grown in monoculture, except few farmers who combined rice 
with okra and vegetables. This practice is common in rice cropping (Sow et al., 2015) as well in other crops like 
fonio millet (Adoukonou-Sagbadja et al., 2006), sorghum (Missihoun et al., 2012) etc. Apart from a few farmers, 
almost every activity from land preparation to harvesting, threshing and drying was manually done. As 
underlined by Asante et al. (2013), the lack of or limiting use of machinery for the completion of rice production 
activities results in high cost of labor adding to the challenges faced by farmers. It appears from the study that 
farmers need harvesters, threshers and dryers to be able to maintain grain quality and compete with imported 
rice.  

As in several growing countries, rice producers in Benin produced rice at both rainy and dry seasons. They 
cropped rice in single, double and three sowing/harvesting periods per year following the various agro-systems 
of rice cropping recorded in the study area. In general, farmers from northern and central parts (Atacora, Borgou, 
Collines, Donga) as well as those in south-western zone (Mono-Couffo) of the country practiced a single rice 
cropping, mainly in rainfed lowland conditions while in the south-eastern region (Ouémé) of Benin, rice is 
likewise single cropped but in flooded lowland conditions during the dry season following the recession of rivers. 
Exceptionally, few farmers from the regions of Zou (center) and Alibori (far north) had access to irrigation and 
practiced rice farming with controlled water management. This rainfed lowland rice farming assisted by 
irrigation system help farmers to crop rice two or three times per year. Water availability is an important factor 
that limits the option of double and more rice cropping and likewise poses a serious problem during the growing 
season. In the absence of rains, rice plants are exposed to drought which affects the vegetative growth rate and 
grain yield (Tao et al., 2006). Inversely, abundant rainfall causes flash flooding where the entire plant of most 
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rice cultivars dies within seven days of complete submergence (Bailey-Serres et al., 2010). Both situations are 
then known to induce severe damage in farmer’s fields. 

Out of the two different ways of crop establishment inventoried, the direct sowing of seeds was practiced by the 
majority of farmers and judged to be less time consuming. In contrast, transplantation is known as time 
consuming but has the advantage of reducing weeds competitiveness. The dominance of direct sowing in rice 
cultivation is reported in Cascades region of Burkina Faso (Kam et al., 2013) as well in small millets including 
fonio (Adoukonou-Sagbadja et al., 2006).  

It is important to note that after sowing, the field is mainly twice weeded through both chemical (herbicides) and 
hand weeding mostly ensured by both laborers and members of households. Selective and mainly non-selective 
herbicides were used by farmers, because they find it cheaper than hiring labor for the weeding. Rice seeds used 
by farmers to ensure their cropping were mainly certified seeds purchased most of the time from the territorial 
agencies of agricultural development (ATDA, ex CARDER). The use of seeds from their own previous harvest 
to establish new season crop was not practiced by farmers. This agricultural practice conducted in order to avoid 
seeds contamination contrasts with farmers from Burkina Faso (Kam et al., 2013), Niger (Sow et al., 2015), 
Kenya (Musila et al., 2018) and Tanzania (Hashim et al., 2018). Finally, rice produced by farmers were not only 
self-consumed but also sold as milled or paddy rice type for cash to finance family needs mainly on the local 
markets of the country or in two neighboring countries, Nigeria and Togo.  

4.3 Varietal Traits and Cultivars Preference in Rice Production 

The survey revealed that farmers’ preferences in rice cultivars selection are mainly based on certain plant 
characteristics such as high grain yield, good cooking and eating qualities (including good taste, followed by 
fragrance), medium maturing cycle, tolerance to drought stress, etc. In a recent study in Senegal, the authors 
recommended that, any investment project in rice production must be more focused on investments in 
grain-quality and post-harvest infrastructure to improve the marketability and competitiveness of domestic rice 
relative to imported ones in West Africa (Demont & Rizzoto, 2012). In Kenya, farmers selected the cultivar they 
grow mainly on grain quality (Kimani et al., 2011). 

In Benin, yield comes up as the highest farmer’s priority and the paramount desired trait closely followed by 
taste as it was reported in Ghana and Niger (Asante et al., 2013; Sow et al., 2015), This fact highlights the 
market oriented of rice production in the country in contrast to the Cascade region of Burkina Faso (Kam et al., 
2013) and other West-African countries (Efisue et al., 2008; Musila et al., 2018) where rice is produced mainly 
for domestic consumption. Besides, although they did not want to compromise on yield, Beninese farmers 
ranked also grain quality almost as important as yield. Good quality took into account certain milled rice traits 
such as less starch (or grain expansion), white pericarp, long grain length, swelling when cooked, softness after 
cooking and good taste. However, hardness after cooking and bad taste were the main reasons motivating most 
of respondents to abandon Nerica20 despite its high yield and capability to be grown under upland ecosystems.  

It is important to highlight here that rice aroma was considered as a good trait of rice cultivar by most of 
respondents, but it was not a key factor when adopting a cultivar. In fact, although preferences fluctuate from one 
group of consumers to another, rice grains with a soft texture and attractive fragrance frequently achieve higher 
prices in national and international markets (Al-Hassan et al., 2008; Nguyen & Bui, 2008). The great majority of 
farmers surveyed adopted improved rice variety IR841 mainly for its aroma and its grain qualities. As it was 
reported in Ghana (Asante et al., 2013) and Kenya (Kimani et al., 2011), over 75% and 34% of farmers 
interviewed preferred cropping Jasmine 85 and Basmati370 rice varieties respectively because of their good taste, 
pleasant aroma and good cooking quality resulting in a better market compared to other varieties. Obviously, 
Basmati370 and Thai Jasmine are well known good and fragrant rice cultivars commercially important on the 
international market and represent a model variety for studying genes controlling grain quality and aroma. As 
highlighted by Traoré et al. (2015), marketability was reported to increase farmers’ preference while the 
introduction of new variety is an important sociological reason leading them to abandon some rice cultivars 
(Kimani et al., 2011). 

In addition, other preferred traits cited by farmers in the survey areas were medium maturing, tolerance to 
drought and flood, medium plant height. These desired traits were similarly important for other African farmers 
cropping rice, especially in Tanzania (Hashim et al., 2018), Niger (Sow et al., 2015), Burkina Faso (Kam et al., 
2013), Ghana (Asante et al., 2013), Kenya and Mali (Efisue et al., 2008). Rice cultivar with long maturing cycle, 
tall and too short plant height were no longer appreciated nor sought by farmers. According to them, tall plant 
cultivars are more sensitive to lodging while the shortest one are difficult to harvest. Similar results were found 
by Ouedraogo et al. (2017) in sorghum, Sow et al. (2015) and Kam et al. (2013) in rice. Conversely, farmers at 
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Nkawie in the Ashanti region of Ghana preferred short varieties because they were less susceptible to bird attack 
while farmers at Aframso in the same country preferred taller rice varieties that were able to compete with 
Ischaemumrugosum, a prevalent weed in this region (Asante et al., 2013). It is likewise reported that other 
farmers preferred tall rice varieties to the model of dwarf varieties that breeders usually select, because tall 
varieties were easier to harvest by hand than the dwarf ones that are near the ground and thus, rodent, flooding 
and splash water and termites tend to destroy the grain (Atlin et al., 2001; Efisue et al., 2008; Kimani et al., 
2011). 

Teka (2014) found a positive relationship between tolerance to stresses especially Striga, drought, diseases and 
insect pests and farmers’ preferences for improved maize varieties in Western Kenya. Farmers would thus prefer 
improved rice varieties with high tolerance to these stresses. This emphasizes the need to develop new varieties 
that are drought tolerant, high yielding and adaptable to farmers’ needs. Across the country, most farmers 
preferred varieties that are high yielding, medium plant height and earlier or medium maturing, suggesting that 
rice breeders should pay attention to these traits in developing new varieties for Benin and similar niches in West 
Africa. Currently, few varieties with such traits are available in the region. One mechanism would be the 
introgression of genes controlling most of farmers’ preferred traits into the genetic background of high-yielding 
stable varieties. The landraces favored by farmers should be used as donor or recurrent parent regarding the 
genetic basis of the trait they harbored. This strategy could greatly enhance variety development and latter its 
adoption and production. Besides, with regard to rice cultivars preferred by farmers, it’s well observed that the 
improved rice variety named IR841 is the most widespread cultivar currently cropped across the villages 
surveyed although rice cultivar currently cropped varied from one region to another. The majority of farmers 
finally adopted only IR841 rice variety for their farming because it harbors many of desired traits sought by 
farmers. The most widespread landrace recorded is Gambiaka. 

In general, farmers still cropped their local rice cultivars due to their good milling qualities, drought tolerance, 
early maturity and cooking qualities like good aroma and taste (Kam et al., 2013; Sow et al., 2015; Hubert et al., 
2014). Certain rice cultivars already rejected by farmers in one region were still cropped by farmers of other 
regions. This fact indicates the differences in perception of farmers because of their divergent needs, for instance 
in term of coping with the environment requirements (Adoukonou-Sagbadja et al., 2006; Dansi et al., 2010). 
Although data is not shown, the comparison of the shortlist of rice cultivars recorded in 2011 by Akakpo. (2011) 
and in 2018 by the current study in the same villages revealed that 13 cultivars have really disappeared. These 
are Koukourikè, Polaguè, Lakpoaga, Tchoumbouèkè, Tomiessi from the district of Matéri, Tchidamaraya, 
Imorikokonga, Kumulumwanga and Nadréki from Cobly, Labéka and Méada from Nikki and Togo grain from 
Savalou. Farmers did not recognize them even through their name. These findings indicate that urgent 
conservation actions are needed to safeguard the rice genetic resources traditionally maintained by farmers. This 
is important as it is yet well known these traditional varieties hold many adaptive genes that are useful for future 
breeding. Among the cultivars actually in use, eight landraces such as Waabi, Imonda, Shapshap, Jimbo, Parakou 
kouro bouro, Pika, Gambiaka and Sirirou caborou and two improved varieties (IR841 and Nerica) were 
suggested by farmers for the future breeding programs.  

4.4 Rice Production Constraints in Benin 

Many constraints were recorded as limiting factors in rice production in Benin. Although bird attacks and weeds 
were the most cited, they seem not to be the most damaging constraints since hired guardians and frequent fields’ 
weeding were applied to mitigate their effects, respectively. Ranked third, drought became the most important 
rice production constraints because it was the major damaging constraints affecting the great majority of farmers’ 
fields. Similar results were reported by Efisue et al. (2008); Hashim et al. (2018); Kimani et al. (2011). In 
contrast, drought effect was not relevant for certain farmers whose fields were irrigated by natural water source 
(rivers) as in the sites of Dovi-zounou and Koussin-lélé in the districts of Zagnanado and Covè. Nematode and 
blast disease were less cited. This could be explained by the limited knowledge of farmers in their identification 
in the fields. Certain farmers had stated that insect pests and diseases occurred when drought occurred. This 
statement has confirmed the association of rice blast disease with drought reported by Hashim et al. (2018) in 
Tanzania. Besides constraints occurred in farmers’ fields, difficulty to access fertilizer, labor cost, seed purity, 
lack of micro-credit and irrigated land are other factors with major influence on rice farming in Benin. 

4.5 Farmers’ Perception on Drought Constraints and Its Management 

In a context of global water scarcity, drought was perceived as a natural phenomenon, a recurrent event and the 
most damaging stress affecting crop farming (Udmale et al., 2014). Flowering stage drought is the most 
damageable and irreversible stage of rice plant growth (Efisue et al., 2008). In Benin, farmers recognized 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 11; 2020 

72 

drought effects in their rice fields mainly through its visual symptoms on the plant such as leaf yellowing, rolling 
and burning, plant height, tillering and grain filling capacity reduction. Soil desiccation is other key visual 
drought indication observed in the rainfed lowland fields. Although some farmers’ fields visited were not 
affected, drought effects were perceptible in many fields and crop failure recorded as yield loss after harvest 
estimated in majority from 75 to 100% when drought occurred at flowering stage. For instance, during the survey, 
a farmer in Collines region clearly stated to have in 2015 campaign harvested 250 kg instead of 6 tons because of 
drought occurrence. Similar drop in yield was reported by farmers in Maharashtra State of India (Udmale et al., 
2014). Indebtedness, poverty and school abandon are social and economic impacts related to this yield drop in 
rice production in affected areas. According to Udmale et al. (2014), farmers from frequent and severe drought 
affected areas believed that drought was one of the major causes of suicidal tendencies due to less income and 
indebtedness of farmers. Similar socio-economic impacts were likewise reported in earlier studies (Ashraf & 
Routray, 2013; Guha, 2012; Karpisheh, 2010; Keshavarz et al., 2013).  

In the survey areas, several coping and adaptive methods were employed by farmers in order to alleviate more or 
less the impact of this abiotic stress on their incomes. The measure mostly used by the majority of farmers was 
the adjusting rice cropping following to the starting of the rainy season. Other reported measure was the use of 
early maturing cultivars. These two measures were also recorded from farmers cropping rice in Mali (Efisue et 
al., 2008) and sorghum in Burkina Faso (Ouedraogo et al., 2017). According to farmers, the use of early 
maturing landraces allowed them to overcome hunger before the maturity of their local long cycle varieties. In 
the same vein to the report of Cooper et al. (1999), farmers adopt early planting varieties that are early maturing 
(or short in duration) not only to free-up the land (after harvest) for other food crops cultivation but as a drought 
escape mechanism. It was observed that the majority of farmers preferred to change their cropping calendar. This 
measure is not cost consuming. Farmers from the study area used another adaptive strategy by irrigating their 
fields through system of drilling and water pumps. This adaptation method was not popular, due to high initial 
investment and high cost needed to buy fuel. Moving from their fields to another places where they can find 
wells and a temporarily abandon of rice cultivation were the easiest measures taken by few farmers in Benin to 
mitigate drought. Earlier studies reported in the literature discussed similar agricultural adaptation practices 
(Dhaka et al., 2010; Gandure et al., 2013; Habiba et al., 2012; Roy & Hirway, 2007; Sahu & Mishra, 2013). 
None of these measures is advantageous and appropriate to farmers. The need of good quality tolerant rice 
variety was then expressed by farmers to better facing drought constraints. Screening of landraces for drought 
and for grain quality must be necessary to identify those harboring favorable genes and QTLs. The exploitation 
of local cultivars coupled with molecular techniques to identify and to transfer the favorable genes to high 
yielding varieties is a promising way to cope with drought and to more value the rice locally produced in 
West-Africa. 

4.6 Implications of the Findings for Rice Breeding  

As it was observed in the current study and also in other surveys, the rice sector in Benin and in general in 
West-Africa is characterized by a low level of investment, resulting in poor grain quality, low yields and great 
dependence on imported rice. Rice yield, grain quality traits, resistance to biotic and abiotic stresses and other 
targeted traits are heritable and then, controlled by genes, QTLs and the environment. Most of these genes and 
QTLs were already identified and the specific primers linked to specific alleles were designed. Rice breeders can 
therefore screen the existing germplasm conserved in different seed banks through allelic diversity and mining 
studies to identify the superior genotypes that carrying genes of interest. Breeders in Benin and in West-African 
sub-region must therefore work to breed high yielding varieties that are tolerant to stresses in each environment, 
especially drought stress and grain qualities preferred by consumers. This is possible through Marker Assisted 
Selection (MAS). 

The present study highlights farmers’ preference in varietal traits and the necessity of prioritizing drought stress 
in designing new and adoptable varieties in Benin. Drought stress problem at the vegetative and reproductive 
stages was common in all ecologies (Efisue et al., 2008), indicating the need to breed for drought tolerance. 
Specific markers that were linked to various QTLs related to various drought tolerance traits were available and 
successfully used by Site et al. (2013). Besides, previous studies on consumers’ preferences indicated that long 
grain rice with low to intermediate amylose content (16 to 22%) and fragrance were the most prioritized and 
these quality traits were approximately the same across the sub-region (Sow et al., 2015; Kam et al., 2013; 
Asante et al., 2013). In addition to drought, rice breeding in Benin and West-Africa may therefore integrate grain 
appearance, cooking and eating as well nutritional traits in order to select the appropriate parents for crosses. The 
best and cost efficient method to select the desired grain quality genotype is the use of molecular markers. 
Molecular markers for kernel length (Fan et al., 2009; Wang et al., 2011), aroma (Bradbury et al., 2005), amylose 
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content (Ayres et al., 1997; Chen et al., 2008), gelatinization temperature (Bao et al., 2006; Jin et al., 2010; 
Waters et al., 2006) and viscosity profiles (Chen et al., 2008) have been also developed. These markers have 
been efficient in selecting for the desired grain qualities in other regions of the world (Chen et al., 2010). It is 
important for rice breeding programs in Benin and West-Africa to fully embrace the use of molecular markers in 
breeding for improved grain quality, yield and tolerance to biotic and abiotic stresses by exploiting useful genes 
in the huge African rice germplasm detained by farmers or conserved in national and international gene banks. 

5. Conclusion 

The present study conducted in the main rice cropping areas of Benin explored farmers’ preferences for varietal 
traits, their knowledge and perceptions in traditional management of drought constraints in rice cropping in 
Benin. Farmers were both men and women with less or no education. They were in the majority medium-scale 
farmers cultivating rice in rainfed lowland conditions. Almost all of the agricultural activities were manually 
done. Rice is grown mainly in pure culture but rarely in combination with okra and other vegetables. In the study 
area, the cultivar diversity detected is imported with a total of 38 different rice cultivars including both improved 
varieties and traditional cultivars identified. Farmers’ preferences in cultivar selection relied on certain plant 
characteristics with yield followed by taste coming up as the highest farmer’s priority and the paramount desired 
traits. Based on farmers’ perceptions, drought appeared as an important constraints limiting rice production in 
Benin with significant yield loss due to crop failure and many indirect impacts such as income reduction, 
indebtedness and school drop. Changing of the sowing date, building irrigation facilities or using early maturing 
cultivars were the traditional mitigating approaches applied by farmers. In most the survey areas, drought 
tolerant rice varieties were acknowledged. Although yield is yet the paramount trait value in most of rice 
breeding programs in Africa to achieve food security, farmers’ willingness to adopt high drought tolerant and 
good grain quality improved varieties was obviously high. Rice breeders are then urged to couple good yield 
with drought tolerance and high grain quality to meet farmers’ production orientations towards self-consumption 
and markets requirements. Good grain quality including good eating and cooking quality and a pleasant texture 
of rice grain. The finding of the present study is crucial for future rice breeding programs in Benin and important 
to avoid earlier rejection of novel and improved varieties. 
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